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DESCRIPTION 

STEERING SYSTEM FOR WORKING VEHICLE 

Technical Field 

The present Invention relates to a steering system for 
a working vehicle having front and rear wheels. More 
particularly, the present Invention relates to a steering 
system for a working vehicle, which can change over a mode 
of steering front and rear wheels between two -wheel steering 
and four-wheel steering. 

Background Art 

A steering system for a working vehicle, which Is 
already equipped In an actual machine, comprises front and 
rear wheels, a steering apparatus for steering the front and 
rear wheels, mode changing means for changing over a mode of 
steering the front and rear wheels among two -wheel steering 
(2WS), opposite-phase four-wheel steering (4WS) and in-phase 
four-wheel steering (Crab) , and mode instructing means for 
instructing change of the mode of steering the front and 
rear wheels. 

The mode instructing means is constituted as a dial- 
type mode change switch having three shift positions "4WS", 
"2WS" and "Crab". These three shift positions are visually 
labeled as "4WS", "2WS" and "Crab". Also, as soon as the 
mode change switch is shifted, a mode changing valve serving 
as the mode changing means is also shifted to make the 
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selected mode effective. A neutral lamp is provided which 
is turned on when the front and rear wheels are at neutral. 
When changing the steering mode, an operator shifts the mode 
selection switch after confirming that the neutral lamp is 
turned on. 

EP0300774A2 and EP0439370A1 propose a system in which, 
even when the mode change switch is shifted, the mode 
changing valve is kept from shifting until the front wheels 
come into neutral, and the mode changing valve is shifted 
and the selected mode is made effective only after the front 
wheels have come into neutral. 

Disclosure of the Invention 

However, the above -de scribed related art has problems 
given below. 

In the steering system for the working vehicle which is 
equipped in an actual machine, even when the operator shifts 
the mode selection switch unintentionally in the state of 
the front and rear wheels being not at neutral, the mode 
change valve is shifted to the instructed mode position at 
once. Therefore, the front and rear wheels often cannot 
have proper postures corresponding to the instructed 
steering mode. In the case of changing the steering mode 
from 4WS to 2WS, for example, when the mode change switch is 
shifted before the front and rear wheels return to neutral, 
the 2WS steering is made effective while the rear wheels 
remain fixed at non-neutral (i.e., remain in postures not 
orientated in the straightforward direction). Conversely, 
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In the case of changing the steering mode from 2WS to 4WS, 
when the mode change switch Is shifted before the rear 
wheels return to neutral, the 4WS steering Is made effective 
while angles of the front and rear wheels remain not in 
match with each other. If the operator turns a steering 
wheel in such a condition, a vehicle body cannot travel in 
the direction intended by the operator. Accordingly, the 
operator is always required to shift the mode selection 
switch while carefully checking the neutral lamp and 
confirming whether the front and rear wheels have come into 
neutral. That requirement has resulted in poor operability. 

The steering system for the working vehicle, disclosed 
in EP0300774A2 and EP0439370A1, is able to overcome the 
problems mentioned above. With this related art, however, 
when the operator shifts the mode change switch 
unintentionally in the state of the front and rear wheels 
being not at neutral , another problem occurs as follows . In 
spite of the mode change switch being shifted, the steering 
mode (i.e., the shift position of the mode changing valve) 
is kept in the same state as that taken so far until the 
front and rear wheels come into neutral. This results in a 
condition that the shift position of the mode change switch 
does not match with the actual steering mode. In such a 
condition, the operator may mistake the shift position of 
the mode change switch for the actual steering mode, and may 
perform steering in wrong way. 

An object of the present invention is to provide a 
steering system for a working vehicle in which a mode of 
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steering front and rear wheels can be changed over between 
two -wheel steering and four-wheel steering, the steering 
system having superior operablllty and high reliability. 

(1) To achieve the above object, the present Invention 
provides a steering system for a working vehicle comprising 
front wheels , rear wheels , and a steering apparatus for 
steering the front wheels and the rear wheels, the steering 
system comprising mode changing means provided In the 
steering apparatus for changing over a mode of steering the 
front wheels and the rear wheels between two -wheel steering 
and four-wheel steering; mode change Instructing means for 
instructing change of the mode of steering the front wheels 
and the rear wheels; first Indicating means for Indicating a 
current steering mode of the front wheels and the rear 
wheels; second Indicating means for Indicating whether the 
front wheels and the rear wheels are at neutral; and control 
means for not operating the mode changing means even with an 
Instruction outputted from the mode change Instructing means 
when the second Indicating means Indicates that the front 
wheels and the rear wheels are not at neutral, for operating 
the mode changing means , in response to an instruction 
outputted from the mode change Instructing means, to 
establish a steering mode corresponding to the instruction 
when the second indicating means indicates that the front 
wheels and the rear wheels are at neutral, and for 
controlling the first indicating means to always indicate, 
as the current steering mode, a steering mode corresponding 
to an operated state of the mode changing means regardless 
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of the instruction outputted from the mode change 
instructing means. 

Thus, the second indicating means and the control means 
are provided in addition to the first indicating means. 
When the second indicating means indica:tes that the front 
wheels and the rear wheels are not at neutral, the mode 
changing means is not operated even with an instruction 
outputted from the mode change instructing means. When the 
second indicating means indicates that the front wheels and 
the rear wheels are at neutral, the mode changing means is 
operated, in response to an instruction outputted from the 
mode change instructing means, to establish a steering mode 
corresponding to the instruction. Accordingly, even if an 
operator manipulates the mode change instructing means 
unintentionally when the front wheels and the rear wheels 
are not at neutral, the steering mode is not changed and the 
front wheels and the rear wheels can be always held in 
proper postures corresponding to the current steering mode. 
Superior operability can be hence obtained. 

Further, regardless of the instruction outputted from 
the mode change instructing means, the first indicating 
means is controlled to always indicate, as the current 
steering mode, a steering mode corresponding to an operated 
state of the mode changing means. Accordingly, even if the 
operator manipulates the mode change instructing means 
unintentionally when the front wheels and the rear wheels 
are not at neutral, the mode changing means is not shifted 
as mentioned above and therefore the indication of the first 
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indicating means is also not changed. As a result, the 
operator can always change the steering mode while 
recognizing the proper steering mode, thus resulting in high 
reliability. 

(2) In the above (1), preferably, the first indicating 
means has a plurality of mode lamps provided corresponding 
to kinds of steering modes, one of the mode lamps 
corresponding to the current steering mode being turned on 
in a predetermined color, and one or more of the plurality 
of mode lamps other than the mode lamp corresponding to the 
current steering mode function as the second indicating 
means . 

With those features, since the mode lamps of the first 
indicating means serve also to provide the neutral 
indicating function of said second indicting means, the 
construction is simplified. Also, since the operator is 
able to simultaneously know both the current steering mode 
and whether the front wheels and the rear wheels are at 
neutral, by looking at the mode lamps of the first 
indicating means, very high convenience is realized in use. 

(3) In the above (2), preferably, the mode lamps 
functioning as the second indicating means are turned on in 
a color different from that of the mode lamp corresponding 
to the current steering mode when the front wheels and the 
rear wheels are in neutral positions . 

With that feature, it is possible to indicate both the 
current steering mode and whether the front wheels and the 
rear wheels are at neutral, based on a difference in colors 
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of the turned -on mode lamps while employing the same mode 
lamps . 

(4) In the above (2) or (3), preferably, the mode 
change instructing means has a plurality of switches 
disposed in positions corresponding to the plurality of mode 
lamps , respectively . 

With that feature, the operator is able to instruct 
change of the steering mode while looking at the plurality 
of mode lamps (first and second indicating means), and 
therefore very high convenience is realized in use. 

(5) In the above (4), preferably, the plurality of 
switches are momentarily operated switches outputting 
signals only when operated. 

With that feature, even if the operator manipulates any 
switch of the mode change instructing means unintentionally 
when the front wheels and the rear wheels are not at 
neutral, the outputted signal disappears when the operator 
releases the hand from the switch. Accordingly, unless the 
switch is manipulated again when the front wheels and the 
rear wheels are at neutral, the steering mode is not 
changed. As a result, the steering mode can be reliably 
changed in accordance with the intention of the operator, 
whereby operability and reliability can be further improved. 

(6) In the above (1) to (5), preferably, the mode 
changing means is able to change over the mode of steering 
the front wheels and the rear wheels among two-wheel 
steering, opposite-phase four-wheel steering, and in-phase 
four-wheel steering. 
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With that feature, a steering system having superior 
operability and high reliability can be provided while 
constructing the system to be able to change over the 
steering mode among three modes, i.e., two-wheel steering, 
opposite-phase four-wheel steering, and in-phase four-wheel 
steering. 

Brief Description of the Drawings 

Fig. 1 shows a steering system for a working vehicle 
according to one embodiment of the present invention. 

Fig. 2 is a flowchart showing processing functions of a 
controller shown in Fig. 1. 

Fig. 3 shows indication examples of a mode indicator 
along with examples of the operation. 

Fig. 4 is a side view of a lift truck as one example of 
the working vehicle in which the steering system of the 
present invention is equipped. 

Fig. 5 is a plan view of a lift truck as one example of 
the working vehicle in which the steering system of the 
present invention is equipped. 

Best Mode for Carrying Out the Invention 

An embodiment of the present invention will be 

described below with reference to the drawings . 

Fig. 1 shows a steering system for a working vehicle 

according to one embodiment of the present invention. 

Referring to Fig. 1, the working vehicle has front 

wheels 1, 1 and rear wheels 2, 2 on the left and right 
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sides. The front wheels 1> 1 and the rear wheels 2, 2 are 
rotatably supported respectively by front axles 3, 3 and 
rear axles 4 , 4 . The front axles 3 , 3 are rotatably 
(steerably) mounted to opposite ends of a front axle system 
5 by steering pins 6, 6, respectively. The rear axles 4, 4 
are rotatably (steerably) mounted to opposite ends of a rear 
axle system 7 by steering pins 8, 8, respectively. 

Also, a steering apparatus 50 for steering the front 
wheels 1, 1 and the rear wheels 2, 2 is provided. The 
steering apparatus 50 primarily comprises steering cylinders 
14, 15 and a steering valve 23. The steering apparatus 50 
further comprises a mode changing valve 24 serving as mode 
changing means for changing over a mode of steering the 
front wheels 1, 1 and the rear wheels 2, 2 among "2WS" 
(front two-wheel steering), "4WS" (opposite-phase four-wheel 
steering), and "Crab" (in-phase four-wheel steering). 

The steering cylinders 14, 15 are mounted to the front 
axle system 5 and the rear axle system 7, respectively, as 
shown. Inner spaces of the steering cylinders 14, 15 are 
each divided into two cylinder chambers 14a, 14b; 15a, 15b 
by pistons 16, 17, respectively. Right and left piston rods 
(operating rods) 16a, 16b; 17a, 17b are extended from the 
pistons 16, 17 so as to project out of the corresponding 
cylinders. Fore ends of the piston rods 16a, 16b aire linked 
to the steering pins 6, 6 through link members 18, 18 and 
fore ends of the piston rods 17a, 17b are linked to the 
steering pins 8, 8 through link members 19, 19, 
respectively . 
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When a hydraulic fluid flows into the cylinder chamber 
14a of the steering cylinder 14, the piston 16 and the 
piston rods 16a, 16b are moved upward, as viewed in the 
drawing, to rotate the steering pins 6, 6 clockwise so that 
directions of the front wheels 1, 1 are changed to the right 
with respect to the vehicle running direction. When a 
hydraulic fluid flows into the cylinder chamber 14b of the 
steering cylinder 14, the piston 16 and the piston rods 16a, 
16b are moved downward, as viewed in the drawing, to rotate 
the steering pins 6, 6 counterclockwise so that directions 
of the front wheels 1, 1 are changed to the left with 
respect to the vehicle running direction. Steering 
operations are also performed on the side of the steering 
cylinder 15 in a similar manner. 

The steering valve 23 has a pump port 23a, a reservoir 
port 23b, and two actuator ports 23c, 23d. The pump port 
23a is connected to a hydraulic pump 21 through a pump line 
25, and the reservoir port 23b is connected to a reservoir 
22 through a reservoir line 26. The actuator port 23c is 
connected to a port 14c on the side of the cylinder chamber 
14a of the front wheel steering cylinder 14 through an 
actuator line 27, and the actuator port 23d is connected to 
one port 24a of the mode changing valve 24. 

The steering valve 23 is one kind of servo switching 
valve operated by a steering wheel 40. When the steering 
wheel 40 is turned to the right, the pump port 23a is 
connected to the actuator port 23c and the actuator port 23d 
is connected to the reservoir port 23b. Then, when the 
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hydraulic fluid is supplied from the pump port 23a to the 
actuator port 23c at a flow rate corresponding to the angle 
by which the steering wheel 40 has been turned, the above 
port connections are cut off and the steering valve 23 is 
returned to the shown state in which the pump port 23a is 
connected to the reservoir port 23b. Likewise, when the 
steering wheel 40 is turned to the left, the pump port 23a 
is connected to the actuator port 23d and the actuator port 
23c is connected to the reservoir port 23b. Then, when the 
hydraulic fluid is supplied from the pump port 23a to the 
actuator port 23c at a flow rate corresponding to the angle 
by which the steering wheel 40 has been turned, the above 
port connections are cut off and the steering valve 23 is 
returned to the shown state in which the pump port 23a is 
connected to the reservoir port 23b. 

The mode changing valve 24 is disposed between the 
steering valve 23 and the front and rear steering cylinders 
14, 15, and changes the destination to which the hydraulic 
fluid is supplied from the steering valve 23. The mode of 
steering the front wheels 1, 1 and the rear wheels 2 , 2 is 
thereby changed over among the 2WS (front two -wheel 
steering) mode, the 4WS (opposite-phase four-wheel steering) 
mode, and the "Crab" (in-phase four-wheel steering) mode. 

More specifically, the mode changing valve 24 has four 
ports 24a, 24b, 24c and 24d. The port 24a is connected, as 
mentioned above, to the actuator ports 23d of the steering 
valve 23 through an actuator line 28, and the port 24b is 
connected to the port 14d of the front wheel steering 
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cylinder 14 on the side of the cylinder chamber 14b through 
an actuator line 29. The ports 24c, 24d are connected to 
the ports 15c, 15d of the steering cylinder 15 on the side 
of the cylinder chambers 15a, 15b through actuator lines 30, 
31, respectively. The mode changing valve 24 is shifted to 
any one of a first position A, a second position B, and a 
third position C by left and right solenoids 33a, 33b. When 
the mode changing valve 24 is in the first position A, the 
port 24a is connected to the port 24b and the ports 24c, 24d 
are both cut off. When it is shifted to the second position 
B, the port 24a is connected to the port 24d and the port 
24c is connected to the port 24b. When it is shifted to the 
third position C, the port 24a is connected to the port 24c 
and the port 24d is connected to the port 24b. 

The first position A of the mode changing valve 24 
represents a position for making the 2WS mode effective, the 
second position B represents a position for making the 4WS 
mode effective, and the third position C represents a 
position for making the "Crab" mode effective. 

When the steering wheel 40 is turned to the right, for 
example, in the state of the mode changing valve 24 being in 
the first position A, the hydraulic fluid supplied to the 
actuator port 23c of the steering valve 23 at a flow rate 
corresponding to the turn angle of the steering wheel 40 is, 
as described above, introduced to the cylinder chamber 14a 
of the steering cylinder 14 through the actuator line 27 and 
the port 14c, whereby the directions of the front wheels 1, 
1 are changed to the right with respect to the vehicle 
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running direction. At this time, the hydraulic fluid 
drained from the cylinder chamber 14b is returned to the 
reservoir 22 through the port 14d, the actuator line 29, the 
ports 24b, 24a of the mode changing valve 24, the actuator 
line 28, the actuator port 23d and the reservoir port 23b of 
the steering valve 23, and the reservoir line 26. Further, 
the angle (steering angle) by which the directions of the 
front wheels 1 , 1 are changed is given as an angle 
corresponding to the flow rate of the hydraulic fluid 
supplied from the steering valve 23 (i.e., the turn angle of 
the steering wheel 40). 

When the steering wheel 40 is turned to the left in the 
state of the mode changing valve 24 being in the first 
position A, the hydraulic fluid supplied to the actuator 
port 23d of the steering valve 23 at a flow rate 
corresponding to the turn angle of the steering wheel 40 is, 
as described above, introduced to the cylinder chamber 14b 
of the steering cylinder 14 through the actuator line 28, 
the ports 24a, 24b of the mode changing valve 24, the 
actuator line 29, and the port 14d, whereby the directions 
of the front wheels 1 , 1 are changed to the left with 
respect to the vehicle running direction. At this time, the 
hydraulic fluid drained from the cylinder chamber 14a is 
returned to the reservoir 22 through the port 14c, the 
actuator line 27, the actuator port 23c and the reservoir 
port 23b of the steering valve 23, and the reservoir line 
26. Further, the angle (steering angle) by which the 
directions of the front wheels 1 , 1 are changed is given as 
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an angle corresponding to the flow rate of the hydraulic 
fluid supplied from the steering valve 23 (i.e., the turn 
angle of the steering wheel 40). 

When the steering wheel 40 is turned to the right in 
the state of the mode changing valve 24 being in the second 
position B, the hydraulic fluid supplied to the actuator 
port 23c of the steering valve 23 at a flow rate 
corresponding to the turn angle of the steering wheel 40 is, 
as described above, introduced to the cylinder chamber 14a 
of the steering cylinder 14 through the actuator line 27 and 
the port 14c, whereby the directions of the front wheels 1, 
1 are changed to the right with respect to the vehicle 
running direction. Also, the hydraulic fluid drained from 
the cylinder chamber 14b of the steering cylinder 14 is 
supplied to the cylinder chamber 15a of the steering 
cylinder 15 through the actuator line 29, the ports 24b, 24c 
of the mode changing valve 24, the actuator line 30, and the 
port 15c, whereby the directions of the rear wheels 2, 2 are 
changed to the left with respect to the vehicle running 
direction opposite to the steering direction of the front 
wheels 1# 1. At this time, the hydraulic fluid drained from 
the cylinder chamber 15b is returned to the reservoir 22 
through the port 15d, the actuator line 31, the ports 24d, 
24a of the mode changing valve 24, the actuator line 28, the 
actuator port 23d and the reservoir port 23b of the steering 
valve 23, and the reservoir line 26. Further, the flow rate 
of the hydraulic fluid supplied to the cylinder chamber 14a 
of the steering cylinder 14 is equal to the flow rate of the 
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hydraulic fluid drained from the cylinder chamber 14b so 
that thei angles (steering angles) by which the directions of 
the front wheels 1, 1 and the rear wheels 2, 2 are changed 
are each given as an angle corresponding to the flow rate of 
the hydraulic fluid supplied from the steering valve 23 
(i.e., the turn angle of the steering wheel 40). 

When the steering wheel 40 is turned to the left in the 
state of the mode changing valve 24 being in the second 
position B, the hydraulic fluid supplied to the actuator 
port 23d at a flow rate corresponding to the turn angle of 
the steering wheel 40 is, as described above, introduced to 
the cylinder chamber 15b of the steering cylinder 15 through 
the actuator line 28, the ports 24a, 24d of the mode 
changing valve 24, the actuator line 31, and the port 15d, 
whereby the directions of the rear wheels 2, 2 are changed 
to the right with respect to the vehicle running direction. 
Also, the hydraulic fluid drained from the cylinder chamber 
15a of the steering cylinder 15 is supplied to the cylinder 
chamber 14b of the steering cylinder 14 through the actuator 
line 30, the ports 24c, 24b of the mode changing valve 24, 
the actuator line 29, and the port 14d, whereby the 
directions of the front wheels 1, 1 are changed to the left 
with respect to the vehicle running direction opposite to 
the steering direction of the rear wheels 2, 2. At this 
time, the hydraulic fluid drained from the cylinder chamber 
i4a is returned to the reservoir 22 through the port 14c, 
the actuator line 27, the actuator port 23c and the 
reservoir port 23b of the steering valve 23, and the 
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reservoir line 26. Further, the flow rate of the hydraulic 
fluid supplied to the cylinder chamber 15b of the steering 
cylinder 15 is equal to the flow rate of the hydraulic fluid 
drained from the cylinder chamber 15a so that the angles 
(steering angles) by which the directions of the front 
wheels 1, 1 and the rear wheels 2, 2 are changed are each 
given as an angle corresponding to the flow rate of the 
hydraulic fluid supplied from the steering valve 23 (i.e., 
the turn angle of the steering wheel 40). 

When the steering wheel 40 is turned to the right in 
the state of the mode changing valve 24 being in the third 
position the hydraulic fluid supplied to the actuator 
port 23c of the steering valve 23 at a flow rate 
corresponding to the turn angle of the steering wheel 40 is, 
as described above, introduced to the cylinder chamber 14a 
of the steering cylinder 14 through the actuator line 27 and 
the port 14c, whereby the directions of the front wheels 1, 
1 are changed to the right with respect to the vehicle 
running direction. Also, the hydraulic fluid drained from 
the cylinder chamber 14b of the steering cylinder 14 is 
supplied to the cylinder chamber 15b of the steering 
cylinder 15 through the actuator line 29, the ports 24b, 24d 
of the mode changing valve 24, the actuator line 31, and the 
port 15d, whereby the directions of the rear wheels 2, 2 are 
changed to the right with respect to the vehicle running 
direction in match with the steering direction of the front 
wheels 1, 1. At this time, the hydraulic fluid drained from 
the cylinder chamber 15a is returned to the reservoir 22 
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through the port 15c, the actuator line 30, the ports 24c, 
24a of the mode changing valve 24, the actuator line 28, the 
actuator port 23d and the reservoir port 23b of the steering 
valve 23, and the reservoir line 26. Further, the flow rate 
of the hydraulic fluid supplied to the cylinder chamber 14a 
of the steering cylinder 14 Is equal to the flow rate of the 
hydraulic fluid drained from the cylinder chamber 14b so 
that the angles (steering angles) by which the directions of 
the front wheels 1, 1 and the rear wheels 2, 2 are changed 
are each given as an angle corresponding to the flow rate of 
the hydraulic fluid supplied from the steering valve 23 
(I.e., the turn angle of the steering wheel 40), 

When the steering wheel 40 Is turned to the left In the 
state of the mode changing valve 24 being In the third 
position C, the hydraulic fluid supplied to the actuator 
port 23d at a flow rate corresponding to the turn angle of 
the steering wheel 40 Is, as described above. Introduced to 
the cylinder chamber 15a of the steering cylinder 15 through 
the actuator line 28, the ports 24a, 24c of the mode 
changing valve 24, the actuator line 30, and the port 15c, 
whereby the directions of the rear wheels 2, 2 are changed 
to the left with respect to the vehicle running direction. 
Also, the hydraulic fluid drained from the cylinder chamber 
15b of the steering cylinder 15 Is supplied to the cylinder 
chamber 14b of the steering cylinder 14 through the actuator 
line 31, the ports 24d, 24b of the mode changing valve 24, 
the actuator line 29, and the port 14d, whereby the 
directions of the front wheels 1, 1 are changed to the left 
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with respect to the vehicle running direction in match with 
the steering direction of the rear wheels 2,2, At this 
time, the hydraulic fluid drained from the cylinder chamber 
14a is returned to the reservoir 22 through the port 14c, 
the actuator line 27, the actuator port 23c and the 
reservoir port 23b of the steering valve 23, and the 
reservoir line 26. Further, the flow rate of the hydraulic 
fluid supplied to the cylinder chamber 15a of the steering 
cylinder 15 is equal to the flow rate of the hydraulic fluid 
drained from the cylinder chamber 15b so that the angles 
(steering angles) by which the directions of the front 
wheels 1, 1 are changed are each given as an angle 
corresponding to the flow rate of the hydraulic fluid 
supplied from the steering valve 23 (i.e., the turn angle of 
the steering wheel 40). 

As means for shifting and controlling the mode changing 
valve 24, there are provided a 3-button- type mode change 
switch 35 for instructing change of the mode of steering the 
front wheels 1, 1 and the rear wheels 2, 2, a front wheel 
neutral sensor 36 for detecting that the front wheels 1, 1 
are at neutral, a rear wheel neutral sensor 37 for detecting 
that the rear wheels 2, 2 are at neutral, a mode indicator 
38 being integral with the mode change switch 35, the mode 
indicator 38 indicating the current steering mode of the 
front wheels 1, 1 and the rear wheels 2, 2 and whether the 
front wheels 1, 1 and the rear wheels 2, 2 are at neutral 
(i.e., whether they are in a state enable to instruct change 
of the steering mode), and a controller 39. 
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The mode change switch 35 has three push buttons 35a, 
35b and 35c corresponding to 2WS (front two-wheel steering), 
4WS (opposite-phase four-wheel steering), and "Crab" (in- 
phase four-wheel steering) , respectively. Those push 
buttons 35a, 35b and 35c are constituted as momentarily 
operated switches which output signals only when depressed 
by the operator, and which stop outputting of the signals 
when the operator releases the hand from the push buttons . 

The front and rear wheel neutral sensors 36, 37 are 
constituted by position sensors mounted to respective outer 
surfaces of the steering cylinders 14, 15, and detect that 
the front wheels 1, 1 and the rear wheels 2, 2 are at 
neutral, by detecting whether the pistons 16, 17 are in 
neutral positions of the steering cylinders 14, 15, 

The mode indicator 38 has three mode lamps 38a, 38b and 
38c corresponding to 2WS (front two-wheel steering), 4WS 
(opposite-phase four-wheel steering), and "Crab" (in-phase 
four-wheel steering), respectively. The three push buttons 
35a, 35b and 35c of the mode change switch 35 are disposed 
close to the mode lamps 38a, 38b and 38c in one-to-one 
corresponding relation, respectively. 

The controller 39 receives instruction signals from the 
three push buttons 35a, 35b and 35c of the mode change 
switch 35 and detected signals from the neutral sensors 36, 
37. After executing predetermined processing, the 
controller 39 outputs control signals to the three mode 
lamps 38a, 38b and 38c of the mode indicator 38 and the 
solenoids 33a, 33b of the mode changing valve 24. In this 
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connection, the mode lamp corresponding to the current 
steering mode (I.e., the current shift position of the mode 
changing valve 24) Is turned on yellow. Then, the mode 
lamps other than one corresponding to the current steering 
mode are turned off when the front wheels 1, 1 and the rear 
wheels 2, 2 are not In the neutral positions, and those 
other mode lamps are turned on green when the front wheels 
1 , 1 and the rear wheels 2 , 2 are in the neutral positions . 
Further, when the front wheels 1, 1 and the rear wheels 2, 2 
are not In the neutral positions, the instruction signals 
from the push buttons 35a, 35b and 35c are made ineffective. 
When the front wheels 1, 1 and the rear wheels 2, 2 come 
into the neutral positions, the instruction signals from the 
push buttons 35a, 35b and 35c are made effective and the 
mode changing valve 24 is shifted so as to establish the 
steering mode corresponding to the instruction signal. 

Fig. 2 is a flowchart showing the processing functions 
of the controller 39. 

Referring to Fig. 2, the controller 39 first receives 
the Instruction signal from the mode change switch 35 and 
detected signals from the neutral sensors 36, 37 (step 
SlOO). Then, it determines successively whether the 2WS 
mode instruction signal is outputted from the push button 
35a of the mode change switch 35 (step S102), whether the 
4WS mode instruction signal is outputted from the push 
button 35b (step S104), and whether the "Crab" mode 
instruction signal is outputted from the push button 35c 
(step S106). If all of those determinations are negated. 
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i.e.. If no instruction signals are outputted, the 
controller determines based on the detected signals from the 
neutral sensors 36, 37 whether the front wheels 1, 1 and the 
rear wheels 2, 2 are both at neutral (step S108). If the 
determination in step S108 is "No", i.e., if the front 
wheels 1, 1 and the rear wheels 2, 2 are both not at 
neutral, the mode lamp of the mode indicator 38 
corresponding to the current steering mode (i.e., the 
current shift position of the mode changing valve 24) is 
turned on yellow and the other mode lamps are turned off 
(step SllO). If the determination in step S108 is "Yes", 

1. e., if the front wheels 1, 1 and the rear wheels 2, 2 are 
both at neutral, the mode lamp of the mode indicator 38 
corresponding to the current steering mode (i.e., the 
current shift position of the mode changing valve 24) is 
turned on yellow and the other mode lamps are turned on 
green (step S112). 

On the other hand, if the determination in step S102 is 
affirmed and the 2WS mode instruction signal is outputted 
from the push button 35a of the mode change switch 35, the 
controller determines based on the detected signals from the 
neutral sensors 36, 37 whether the front wheels 1, 1 and the 
rear wheels 2, 2 are both at neutral (step S120). If the 
determination in step S120 is negated, the controller 
returns to step SlOO and repeats a sequence of the steps 
described above. If the determination in step SI 20 is 
affirmed, i.e., if the front wheels 1, 1 and the rear wheels 

2, 2 are both at neutral, the mode changing valve 24 is 
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shifted to the first shift position A corresponding to the 
2WS mode (step S122). In practical control, the control 
signals outputted to the solenoids 33a, 33b are set to 0. 
At the same time, the 2WS mode lamp 38a of the mode 
indicator 38 is turned on yellow and the other mode lamps 
38b, 38c are turned on green (step S124). 

Also, if the determination in step S104 is affirmed and 
the 4WS mode instruction signal is outputted from the push 
button 35b of the mode change switch 35, the controller 
determines based on the detected signals from the neutral 
sensors 36, 37 whether the front wheels 1, 1 and the rear 
wheels 2, 2 are both at neutral (step S130) - If the 
determination in step S130 is negated, the controller 
returns to step SlOO and repeats a sequence of the steps 
described above. If the determination in step S130 is 
affirmed, i.e-, if the front wheels 1, 1 and the rear wheels 
2, 2 are both at neutral, the mode changing valve 24 is 
shifted to the second shift position B corresponding to the 
4WS mode (step S132). In practical control, the control 
signal at a predetermined level is outputted to the solenoid 
33a. At the same time, the 4WS mode lamp 38b of the mode 
indicator 38 is turned on yellow and the other mode lamps 
38a, 38c are turned on green (step S134). 

Likewise, if the determination in step S106 is affirmed 
and the "Crab" mode instruction signal is outputted from the 
push button 35c of the mode change switch 35, the controller 
determines based on the detected signals from the neutral 
sensors 36, 37 whether the front wheels 1, 1 and the rear 
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wheels 2, 2 are both at neutral (step S140). If the 
determination in step S140 is negated, the controller 
returns to step SlOO and repeats a sequence of the steps 
described above. If the determination in step S140 is 
affirmed, i.e., if the front wheels 1, 1 and the rear wheels 
2, 2 are both at neutral, the mode changing valve 24 is 
shifted to the third shift position C corresponding to the 
"Crab" mode (step S142). In practical control, the control 
signal at a predetermined level is outputted to the solenoid 
33b. At the same time, the "Crab" mode lamp 38c of the mode 
indicator 38 is turned on yellow and the other mode lamps 
38a, 38b are turned on green (step S144) . 

In the arrangement thus constructed, the mode changing 
valve 24 constitutes mode changing means for changing over 
the mode of steering the front wheels 1, 1 and the rear 
wheels 2, 2 among the two-wheel steering (2WS), the 
opposite-phase four-wheel steering (4WS) and the in-phase 
four-wheel steering (Crab), as mentioned above. Also, the 
mode change switch 35 constitutes mode change instructing 
means for instructing change of the mode of steering the 
front wheels 1, 1 and the rear wheels 2, 2. The mode 
indicator 38 constitutes first indicating means for 
indicating the current steering mode of the front wheels 1, 
1 and the rear wheels 2,2. Of the mode lamps 38a, 38b and 
38c of the mode indicator 38, the mode lamps other than one 
corresponding to the current steering mode and turned on 
yellow constitute second indicating means for indicating 
whether the front wheels 1, 1 and the rear wheels 2, 2 are 



23 



at neutral. The front wheel neutral sensor 36, the rear 
wheel neutral sensor 37, and the processing functions of the 
controller 39 shown in the flowchart of Fig, 2 constitute 
control means for not operating the mode changing means 24 
even with an instruction outputted from the mode change 
instructing means 35 when the second indicating means 
indicates that the front wheels 1, 1 and the rear wheels 2, 
2 are not at neutral (SllO - SlOO - S102, S130, S140 -> SlOO 
in Fig. 2), for operating the mode changing means 24, in 
response to an instruction outputted from the mode change 
instructing means 35, to establish a steering mode 
corresponding to the instruction when the second indicating 
means indicates that the front wheels 1, 1 and the rear 
wheels 2, 2 are at neutral (S112 -* SlOO - S102 - S122; S130 
- 132; S140 - 142 in Fig. 2), and for controlling the first 
indicating means 38 to always indicate, as the current 
steering mode, a steering mode corresponding to the steering 
mode effectuated by the mode changing means 24 regardless of 
the instruction outputted from the mode change instructing 
means 35 (S124, S134, S144 in Fig. 2). 

Fig. 3 shows examples of the operation. 

vnien the current steering mode (i.e., the current shift 
position of the mode changing valve 24) is the 4WS mode with 
the mode changing valve 24 shifted to the second position B 
and the front wheels 1 , 1 and the rear wheels 2 , 2 are not 
at neutral, the 4WS mode lamp 38b of the mode indicator 38 
is turned on yellow and the other mode lamps 38a, 38c are 
turned off (SllO in Fig. 2). In this condition, even when 



24 



the 2WS push button 35a, for example, is depressed, the 
resulting instruction signal is ignored, whereby the 
steering mode is not changed and the turning-on/of f states 
of the mode lamps 38a to 38c remain the same (S102 - S120 - 
SlOO in Fig. 2). By turning the steering wheel 40 while the 
steering mode is kept in the 4WS mode, the angles of the 
front wheels 1 , 1 and the rear wheels 2 , 2 are changed and 
the steering operation is performed, as described above. 
When the front wheels 1, 1 and the rear wheels 2, 2 come 
into neutral as a result of steering the front wheels 1, 1 
and the rear wheels 2, 2, the mode lamps 38a, 38c of the 
mode indicator 38, which have been turn off so far, are 
turned on green (SI 12 in Fig. 2). By further turning the 
steering wheel 40 while the steering mode is kept in the 4WS 
mode, the front wheels 1, 1 and the rear wheels 2, 2 are 
steered, whereby the front wheels 1, 1 and the rear wheels 
2, 2 come out of neutral. Therefore, the mode lamps 38a, 
38c of the mode indicator 38, which have been turn on green 
for a moment, are turned off again (SllO in Fig. 2). 

On the other hand, if the 2WS push button 35a, for 
example, is depressed in the state where the front wheels 1, 
1 and the rear wheels 2, 2 come into neutral and the mode 
lamps 38a, 38c are turned on green, the mode changing valve 
24 is shifted to the first position A and the steering mode 
is changed from 4WS to 2WS (S102 - S120 - S122 in Fig. 2). 
Also, the 2WS mode lamp 38a of the mode indicator 38 is 
turned on yellow and the 4WS mode lamp 38b which has been 
turned on yellow so far is turned on green (S124 in Fig. 2). 
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By turning the steering wheel 40 while the steering mode Is 
kept In the 2WS mode, the angles of the front wheels 1, 1 
are changed and the steering operation Is performed with the 
front wheels 1, 1, as described above. When the front 
wheels 1, 1 come out of neutral as a result of steering the 
front wheels 1, 1, the mode lamps 38a, 38c of the mode 
Indicator 38, which have been turn on green, are turned off 
(SllO In Fig. 2) . 

Figs. 4 and 5 show an appearance of a lift track as one 
example of working vehicles to which the present invention 
is applied. 

Referring to Figs. 4 and 5, numeral 100 denotes a lift 
truck. The lift truck 100 comprises a support deck 
structure 102 constituting a wheel mounting structure to 
which the front wheels 1 , 1 and the rear wheels 2 , 2 are 
mounted, and an extendable lift arm 106 rotatably supported 
to a rear end of an upright plate 104 which is supported by 
the support deck structure 102. A cab 108 is disposed on an 
upper surface of the support deck structure 102 at a 
position offset to one lateral side, i.e., on one side with 
respect to an axis L-L in the vehicular longitudinal 
direction of the lift truck 100. 

On the other side opposed to the cab 108 with respect 
to the axis L-L, a housing 110 is supported by the support 
deck structure 102. An internal combustion engine 114 
provided with an exhaust pipe 112 extending in the vertical 
direction is disposed in the housing 110 such that a shaft 
of the internal combustion engine 114 is extended in the 
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vehicular longitudinal direction, i.e., parallel to the axis 
L-L. The housing 110 is disposed at a certain distance away 
from the cab 108 while leaving a space 116 with respect to 
the cab 108. The space 116 is set to have at least the same 
width as that of the lift arm 106. The lift arm 106 is 
rotatably supported by a horizontal pin 118 serving as a 
fulcrum, which provides a horizontal axis arranged 
perpendicularly to the axis L-L in the vehicle longitudinal 
direction. The horizontal pin 118 is disposed at such a 
height as allowing the lift arm 106 to be partly received in 
the space 116 when it is in a fully downward rotated state. 

In Fig. 4, the extendable lift arm 106 is shown as 
being in a fully withdrawn state. A dotted contour line 
partly indicates the lift arm 106 in a raised state, and a 
solid line indicates it in the fully downward rotated state. 
When the lift arm 106 is in the fully downward rotated 
state, it is positioned in the space 116 while extending in 
the vehicular longitudinal direction adjacently to the cab 
108, so that the lift arm does not interfere with the 
viewing field of the operator sitting in the cab 108 and 
operating the lift truck. 

The lift arm 106 is rotatable about the horizontal pin 
118 by a hydraulic jack 120, and a lower portion 122 of the 
hydraulic jack 120 is rotatably supported to a central 
portion of the support deck structure 102. When the lift 
arm 106 is in the downward rotated state, the hydraulic jack 
120 is inclined in a head-down posture. 

An end element 124 capable of sliding inside the 
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extendable lift arm 106 supports a head portion 126, and a 
tool 130 rotatable by a jack 128 is supported by the head 
portion 126 through a pin 132. 

In an illustrated example, the tool 130 is constituted 
as a fork- shaped lift, but another type of tool, such as a 
bucket, may also be used instead of the fork-shaped lift. 

This embodiment constructed as described above can 
provide the following advantages. 

(1) When the front wheels 1, 1 and the rear wheels 2, 2 
are not at neutral (when, of the mode lamps 38a, 38b and 38c 
of the mode indicator 38, the mode lamps other than one 
corresponding to the current steering mode, which is turned 
on yellow, are turned off), the mode changing valve 24 is 
not operated even with the instruction outputted from the 
mode change switch 35. Therefore, even if the operator 
manipulates the mode change switch 35 unintentionally when 
the front wheels 1 , 1 and the rear wheels 2 , 2 are not at 
neutral, the steering mode is not changed and the front 
wheels 1, 1 and the rear wheels 2, 2 are always held in 
proper postures corresponding to the current steering mode. 
Superior operability can be thus obtained. 

(2) The mode indicator 38 is constructed so as to 
always indicate, as the current steering mode, a steering 
mode corresponding to the shift position of the mode 
changing valve 24 (i.e., to always turn on yellow one of the 
mode lamps 38a, 38b and 38c of the mode indicator 38, which 
corresponds to the steering mode established by the mode 
changing valve 24 and functions as the mode lamp 
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corresponding to the current steering mode). Therefore, 
even if the operator manipulates the mode change switch 35 
unintentionally when the front wheels 1, 1 and the rear 
wheels 2, 2 are not at neutral, the mode changing valve 24 
Is not shifted as mentioned above and therefore the 
Indication of the mode Indicator 38 Is also not changed. 
Hence, the operator can always change the steering mode 
while recognizing the proper steering mode and can perform 
the mode changing operation with safety, thus resulting In 
high reliability. 

(3) A part of the lamps of the mode Indicator 38 (i.e., 
of the mode lamps 38a, 38b and 38c of the mode Indicator 38, 
the mode lamps other than one corresponding to the current 
steering mode and turned on yellow) is employed as a neutral 
lamp (second indicating means) for indicating whether the 
front wheels 1, 1 and the rear wheels 2, 2 are at neutral. 
Thus, since the mode leunps 38a, 38b and 38c serve also as 
neutral lamps, the construction is simplified. Also, since 
the operator is able to simultaneously know both the current 
steering mode and whether the front wheels 1, 1 and the rear 
wheels 2, 2 are at neutral, by looking at the mode lamps 
38a, 38b and 38c of the mode indicator 38, very high 
convenience is realized in use. 

(4) The push buttons 35a, 35b and 35c of the mode 
change switch 35 are disposed in positions respectively 
corresponding to the mode lamps 38a, 38b and 38c of the mode 
indicator 38. Therefore, the operator can instruct change 
of the steering mode while looking at the mode lamps 38a, 



29 



38b and 38c (first and second Indicating means), and very 
high convenience Is realized In use. 

(5) The push buttons 35a, 35b and 35c of the mode 
change switch 35 are constituted as momentarily operated 
switches which output signals only when depressed by the 
operator. Therefore, even If the operator manipulates any 
push button of the mode change switch 35 unintentionally 
when the front wheels 1, 1 and the rear wheels 2, 2 are not 
at neutral, the outputted signal disappears when the 
operator releases the hand from the push button. 
Accordingly, unless the mode change switch Is manipulated 
again when the front wheels 1, 1 and the rear wheels 2, 2 
are at neutral, the steering mode Is not changed. As a 
result, the steering mode can be reliably changed In 
accordance with the Intention of the operator, whereby 
operablllty and reliability can be further Improved. 

While, In the above -de scribed embodiment, the present 
Invention Is applied to a lift truck as one example of 
working vehicles, the present Invention Is also applicable 
to any other type of working vehicle having front and rear 
wheels, such as a roughterraln crane. Further, while the 
present Invention Is applied to a system for changing the 
steering mode among three modes. I.e., 2WS (front two-wheel 
steering), 4WS (opposite-phase four-wheel steering), and 
"Crab" (In-phase four-wheel steering), the present Invention 
Is also applicable to a system for changing the steering 
mode between two modes. I.e., 2WS (front two-wheel steering) 
and 4WS (opposite-phase four-wheel steering) . 
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Further, in the above -de scribed embodiment, the mode 
change switch 35 and the mode Indicator 36 are constructed 
Integrally with each other, and the push buttons 35a, 35b 
and 35c of the mode change switch 35 are disposed close to 
the mode lamps 38a, 38b and 38c of the mode Indicator 38 In 
one-to-one corresponding relation, respectively. However, 
the mode change switch 35 and the mode Indicator 36 may be 
constructed separately from each other, and the above 
advantages (1), (2), (3) and (5) can also be obtained with 
such an arrangement. Moreover, while the push buttons 35a, 
35b and 35c of the mode change switch 35 are constituted as 
momentarily operated switches which output signals only when 
depressed by the operator, the push buttons 35a, 35b and 35c 
of the mode change switch 35 may be of the holding type 
that, after one button is depressed, a resulting ON state is 
held until another button is depressed. This case can also 
provide the above advantages (1), (2), (3) and (4). 

Additionally, in the above -described embodiment, the 
two neutral sensors 36, 37 for the front wheels 1, 1 and the 
rear wheels 2, 2 are used as neutral sensors for detecting 
whether the front wheels 1, 1 and the rear wheels 2, 2 are 
at neutral. However, because the front wheels 1, 1 and the 
rear wheels 2, 2 are steered in synchronous relation in the 
present invention, it is also possible to employ only the 
neutral sensor 36 for detecting whether the front wheels 1, 
1, of which angles are changed In any steering mode, are at 
neutral . 
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Industrial Applicability 

According to the present invention, in a working 
vehicle in which a mode of steering front and rear wheels 
can be changed over between two -wheel steering and four- 
wheel steering, a steering system having superior 
operability and high reliability can be provided. 
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